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FOREWORD 

This i s  R e p o r t  N o ,  IITRl-C6014-13 (Triannual Report) of 

IITRI Pro jec t  C6014, Contract N o ,  NASS-5379, e n t i t l e d  IIInvesti- 

ga t ion  of Environmental E f fec t s  on Coatings f o r  Thermal Control 

of Large Space Vehicles," The report covers the period from 

January 20 t o  June 20, 1964. Previous Triannual Reports w e r e  

i s sued  on October 25,  1963 and March 5,  1964, 

Major cont r ibu tors  t o  the program included Gene A, Zer lau t ,  

P r o j e c t  Leader; Yo Harada and H. Rechter, inorganic  coatings;  

Edwin H. Tompkins and Richard C .  Reichel, microporous s t ruc tures :  

Warren Jamison, space-chamber operation; Do7;lglas G. Vance, 

s i l i c o n e  p a i n t  preparation: and L o  Uo Berman, s i l i c o n e  photolysis.  

D a t a  are recorded i n  IITRI Logbooks C13423, C13736, C13802, 

and '214176, 

Respectful ly  submitted, 
I I T  RESEARCH INSTITUTE 

Gene A. &.&aut 
Research ChemistGroup Leader 
Polymer Research 

Approved by: - -  
I 

Polymer R e  search 
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DEVELOPMENT OF SPACE-STABLE THERMAL-CONTROL COATINGS 
(PAINTS W I T H  LOW SOLAR ABSORPTANCE-EMITTANCE RATIOS) 

- 

This report describes s t u d i e s  aimed a t  t he  development of 

stable thermal-control coatings with the  lowest possible  r a t i o  

of s o l a r  absorptance t o  infrared emittance, Included are d is -  

cussions of microporous coa t ing  inves t iga t ions ,  inorganic pig- 

ment and binder s tud ie s ,  methyl s i l i c o n e  p a i n t  s tud ies ,  and a 

preliminary ana lys i s  of s i l i cone  photolysis reac t ions  , 

The pr inc ip l e  problems associated with the use  of foamed 

(microporous) polymer f i lms a r e  discussed i n  d e t a i l .  Recent 

s tud ie s  with a proprietary s i l i cone  blowing agent and with 

techniques involving the preparation of s i l i cone  r e s i n  emulsions 

have shown promise a s  methods of preparing microporous, foamed 

surface coatings.  The most important aspec ts  of the  inorganic 

s tud ie s  involved the improved ref lectance and ultraviolet-vacuum 

s t a b i l i t y  r ea l i zed  by heat  t r e a t i n g  the pigments and the coatings 

made from them, The e f f e c t  of grinding t i m e  ( m i l l  t i m e )  on the  

re f lec tance  and s t a b i l i t y  of z inc  oxide-silicone pa in t s  a r e  d is -  

cussed. I t  was found t h a t  long m i l l  t i m e s  cause increased so la r  

absorptance and decreased s t a b i l i t y  of these pa in t s ,  The e f f e c t  

of pigment p a r t i c l e  s i z e  was invest igated and experiments are 

discussed which involve mixing two zinc oxide pigments with widely 

d i f f e r e n t  mean p a r t i c l e  s izeso  
I I T  R E S E A R C H  I N S T I T U T E  
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DEVELOPMENT OF SPACE-STABLE TKERMAL-CONTEOL COATINGS 
(PAINTS WITH LOW SOLAR ABSORPTANCE/EMITTANCE RATIOS) 

I INTRODUCTION 

The goal of t h i s  research i s  the development of stable 

thermal-control coat ings with t h e  l o w e s t  possible r a t i o  of s o l a r  

absorptance t o  in f r a red  emittance. Ear l ie r  s tud ie s  i n  t h i s  

program w e r e  i n  l a r g e  part devoted t o  s tud ie s  of techniques f o r  

increas ing  t h e  u l t r a v i o l e t  r e f l ec t ance  -- and therefore  the  s o l a r  

absorptance--of z inc  oxide pa in t s  (both inorganic and s i l i cone )  ., 

These s t u d i e s  w e r e  m a d e  i n  order t o  take advantage, i f  possible, 

of the proven s t a b i l i t y  of the  z inc  oxide pigment system. 

Early s t u d i e s  showed t h a t  i n  t h e  use of secondary, u l t r a -  

v i o l e t  r e f l e c t i n g  pigments,pigment mixing w a s  genera l ly  unsuc- 

c e s s f u l  i n  improving t h e  u l t r a v i o l e t  r e f l ec t ance  of z inc  oxide 

pa in t s ,  I n  addi t ion ,  t h e  technique of using overlayers  of 

u l t r a v i o l e t - r e f l e c t i n g  coatings on z inc  oxide p a i n t s  did no t  

have a great effect on t h e  so l a r  absorptance of z inc oxide coat-  

ings.  The p r inc ipa l  problem was a t t r i b u t e d  t o  t h e  competition 

between coat ings th i ck  enough t o  provide r e f l ec t ance  reinforce-  

ment i n  t h e  u l t r a v i o l e t  and coatings t h i n  enough no t  t o  detract 

s i g n i f i c a n t l y  f r o m  longer wavelength r e f l ec t ance  and the  u l t r a -  

violet/vacuum s t ab i l i t y  of t h e  s y s t e m .  

Work during th i s  report period has  genera l ly  involved t h r e e  

phases, namely, (1) s tud ie s  of microporous s t r u c t u r e s ,  ( 2 )  s t u d i e s  
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of pigments and inorganic s i l i c a t e  pa in ts ,  and ( 3 )  s tud ie s  of 

methyl s i l i cone  paints .  

a continuation of the  work begun a t  the s t a r t  of the  program, in- 

creased emphasis has been placed on pigment and inorganic vehicle  

screening, on the  use of a commercial methyl s i l i cone  elastomer ' 

i n  the microporous s t ruc tu res  invest igat ions,  and on the  photoly- 

sis of methyl s i l i cone  polymers. 

Although these s tud ie s  are e s s e n t i a l l y  

11. DEVELOPMENT OF MICROPOROUS STRUCTURE I N  PAINT VEHICLES 

A. Introduct ion 

The current  primary object ive of t h i s  phase of the  program 

is t o  prepare approximately l p  bubbles a t  a high concentration 

i n  any vehicle  of high u l t r a v i o l e t  s t a b i l i t y .  Because of t he  

lack of other  binders  s u f f i c i e n t l y  stable t o  u l t r a v i o l e t  radia-  

t i o n  i n  vacuum, the methyl s i l i cone  polymer system (polydimethyl- 

s i loxane)  has received the most a t ten t ion .  Potassium sil icate 

has a l s o  been considered as a vehicle  fo r  the  suspension of 

micropores. 

F r o m  the  l i s t  of techniques discussed i n  the  literature 

and i n  previous reports on the  preparat ion of bubble s t ruc tu res ,  

we  have invest igated the  following three methods: (1) leaching 

of s a l t  or s t a rch  from a polymerized dispers ion i n  a s i l i cone  

or  other  vehicle ,  (2 )  generat ion of gas from ni t rogen blowing 

agents  dispersed i n  methyl s i l i cone  vehicles ,  and ( 3 )  mechanical 

incorporat ion of a i r  bubbles i n  methyl s i l i cone  polymers. 

I l T  R E S E A R C H  I N S T I T U T E  
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The f e a s i b i l i t y  of r e f l e c t i n g  t h e  bulk of t h e  solar spect- 

rum w i t h  foamed, porous polymer s t r u c t u r e s  was shown i n  t h e  

previous Triannual R e p o r t ,  1 Commercial f o a m s  wi th exceptional 

r e f l ec t ance  i n  t h e  0 . 3  t o  2 . 0 ~  wavelength region are available. 

Unfortunately, these  foams are manufactured f r o m  polymers which 

are inherent ly  unstable t o  u l t r a v i o l e t  r ad ia t ion  i n  vacuum-- 

polyvinyl chlor ide,  polyurethanes, and polystyrene. 

s i l i c o n e  polymer system has been found t o  be t h e  m o s t  stable 

The methyl 

"73 ? 3 \ $ j  

Si-0 Si-0-Si-0 Si-0 

polymer species available i n  t e r m s  of u l t r a v i o l e t  i r r a d i a t i o n  

i n  vacuum. * 
our laboratory s tud ie s  on techniques t o  prepare polydimethyl- 

s i loxane f o a m s  and microporous s t ruc tu res .  

I t  has  therefore  been necessary t o  concentrate  

The p r inc ipa l  problem i n  foaming the  methyl s i l i c o n e s  has 

involved the cont ro l  of pore s ize .  The l ack  of cont ro l  over 

pore s i z e  and concentration has been a t t r i b u t e d  t o  var ious fac- 

to rs ,  including (1) i n a b i l i t y  t o  incorporate  s u f f i c i e n t l y  f i n e  

particles of blowing agent  i n  the  s i l i c o n e s ,  (2)  lack of mutual 

s o l u b i l i t y  between blowing agents and the  methyl s i l i c o n e s ,  

'G. A. Zer lau t ,  E. H. Tompkins, and Y. Harada, "Development of 
space-Stable Thermal-Control Coatings, I' Triannual R e p o r t ,  I I T  
Research I n s t i t u t e ,  R e p o r t  No.  IITRI-C6014-8, March 5, 1964. 

2 ~ .  A. Zer lau t  and Y. Harada, "Stable White Coatings," Summary 
R e p o r t ,  I I T  Research I n s t i t u t e ,  R e p o r t  No .  IITRI-C207-25, 
August 27, 1963. 

I I T  R E S E A R C H  I N S T I T U T E  

-3- C6014-13 



(3 )  i n a b i l i t y  t o  match the curing/rheological proper t ies  of the  

methyl s i l i cones  with the  thermodynamic proper t ies  of the blow- 

ing  agents ,  and (4) i n a b i l i t y  t o  s a t i s f a c t o r i l y  leach soluble  

mater ia l s  ou t  of the  r e l a t ive ly  closed-pore s i l i cone  matrix. 

Hundreds of bench formulations have been prepared during 

the course of t h i s  program, and only those experiments which 

w e r e  most t yp ica l  have been reported t o  date.  Accordingly, the 

following paragraphs discuss  the more important work performed 

during the l a s t  reporting period, 

B, Leachinq 

Three types of coatings have been considered for  leaching 

experiments: (1) our standard zinc oxide-potassium s i l i c a t e  

coat ings,  w h i c h  have demonstrated unusual s t a b i l i t y  i n  space 

simulation tests, ( 2 )  zinc oxide-silicone f i l m s  c a s t  on g l a s s  

p l a t e s  w i t h  water-soluble re lease  agents ,  and (3) ammonium chlo- 

r ide-s i l icone  coatings,  

Leaching of the zinc oxide from the coatings i s  performed 

w i t h  a !jM ammonium hydroxide aqueous solut ion containing ammonium 

chlor ide  a t  a concentration of 1M. This so lu t ion  a t t acks  the 

a i r -dr ied  z inc  oxide-s i l ica te  q u i t e  rap id ly  and dissolves  the 

zinc oxide. The overa l l  re f lec tance  decreases v i s ib ly ,  bu t  

the re f lec tance  i n  the u l t r a v i o l e t  between 3250 and 4100 A, where 

the zinc oxide absorbs strongly,  i s  increased from about 4 t o  

87% i n  the leached coating. The effect of leaching on the  re- 

I l T  R E S E A R C H  I N S T I T U T E  

-4- C60 14-1 3 



flectance of a standard SP 500 zinc oxide-pigmented PS7 potas- 

sium silicate pa in t  is  shown i n  Figure 1. 

The l o s s  i n  re f lec tance  i n  the  bulk of t he  spectrum i s  

a t t r i b u t e d  t o  the decrease i n  the r a t i o  of the  r e f r a c t i v e  index 

of t he  pigment (whether it be the zinc oxide p a r t i c l e  o r  t h e  

pore) when the  zinc oxide i s  leached, leaving a pore of approxi- 

mately the  same s i ze .  

s i u m  s i l i c a t e  i s  being dissolved, but  i f  a s i g n i f i c a n t  port ion 

of t5e sil icate binder is being leached i n  the process, the  system 

would show considerably more u l t r a v i o l e t  absorption. The main 

d i f f i c u l t y  with t h i s  system is  maintaining s a t i s f a c t o r y  f i l m  

i n t e g r i t y  a f t e r  t he  zinc oxide has been removed. The u t i l i z a -  

t i o n  of this system would a l s o  requi re  th icker  f i lms  i n  order t o  

minimize the  decrease i n  ref lectance a t  longer wavelengths. A l -  

k a l i  s i l icate coat ings usually exh ib i t  i n f e r i o r  ritechanical pro- 

perties when applied i n  t h i ck  f i l m s .  

W e  do n o t  know t o  what ex ten t  the potas- 

Studies  on the  leaching of ammonium chlor ide and zinc oxide 

from methyl s i l i c o n e  polymer f i lms have been concerned pr imari ly  

with methods of opening up of the pores i n  the  s i l i c o n e  fi lm. 

E a r l i e r  leaching s tud ie s  on s i l i cones  involved the loading of 

General Electric 's  SR-80  s i l i c o n e  r e s i n  with sodium chlor ide and 

the subsequent leaching of t he  s a l t  w i t h  water. This work, re- 

ported i n  the  previous Triannual Report, ' r e su l t ed  i n  super- 

f i c i a l  leaching due t o  the closed-pore, hydrophobic s i l i c o n e  

I l T  R E S E A R C H  I N S T I T U T E  
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matrix. We have tr ied a number of solvents  (acetone, methyl 

e t h y l  ketone, methanol, and others)  f o r  the s u p e r f i c i a l  removal 

of t h e  polymer f r o m  a General Electric LTV-602 f i l m  containing 

70% z i n c  oxide by weight. 

subsequently leached with the  ammonium hydroxide-ammonium 

chlor ide  aqueous so lu t ion ,  bu t  t h e  leached f i lm  st i l l  showed 

s t rong  z inc  oxide absorption i n  t h e  u l t r a v i o l e t  region of t h e  

r e f l ec t ance  spectrum. The primary c lue  as  t o  whether or n o t  

leaching is Seing azzanplishzd (removal of z inc oxide f r o m  t he  

upper layers of t h e  coating) i s  an increase  i n  t h e  u l t r a v i o l e t  

r e f l ec t ance  of the coating. This has n o t  y e t  been accomplished 

with t h e  LTV-602 s i l i c o n e  vehicle. 

One film treated with tcl-me was 

The leaching of ammonium chloride from s i l i c o n e  coat ings 

p re sen t s  t h e  s a m e  problems as zinc oxide leaching, except t h a t  

ammonium chlor ide  can a lso be sublimed out  of t h e  coating, 

Techniques learned from the  zinc oxide s t u d i e s  w i l l  be appl ied 

t o  ammonium chlor ide  leaching. Also, techniques for  precipi- 

t a t i n g  unusually f i n e  ammonium chlor ide  particles f r o m  aqueous 

so lu t ions  w i l l  be tried, including p rec ip i t a t ion  with hydro- 

c h l o r i c  acid and alcohol  i f  a method can be worked out  t o  suc- 

c e s s f u l l y  open t h e  methyl s i l i cone  pores. 

C, Blowinq and Foaminq Aqents 

Although over 1000 chemical blowing agents  are known t o  

t h e  foamed p l a s t i c s  industry,  only about 12 t o  16 a r e  commercially 
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f eas ib l e .  Table 1 l ists  those t h a t  have received our a t t e n t i o n  

f o r  use i n  s i l i cone  polymers; most of these agents have been 

discussed i n  the  two e a r l i e r  Triannual Reports. Experiments 

have ind ica ted  t h a t  t he  Porofor N (azobisisobutyronitrile) is 

one of most s a t i s f a c t o r y  blowing agents fo r  use i n  methyl sili- 

cone and aqueous potassium s i l i c a t e  solut ions.  The m a i n  d i f -  

f i c u l t y  i n  using Porofor N i n  potassium s i l i c a t e  so lu t ions  has 

been t h e  i n a b i l i t y  t o  obtain a f i n e  dispers ion of t he  blowing 

agent i n  the  vehicle.  W e  have concentrated on mechanical dis- 

persion without the  use of surface ac t ive  agents which are a l l  

expected t o  be u l t r a v i o l e t  degradable. 

A special e f f o r t  was made t o  obtain the blowing agent 

Porofor N i n  an extremely f ine  s t a t e  fo r  use i n  potassium si l i-  

c a t e  (and methyl s i l i cone )  vehicles.  

coarse  blowing agents i n  potassium s i l i c a t e  looked primising. 

W e  have accordingly t r i e d  p rec ip i t a t ing  the Porofor N out  of 

methylene chlor ide solut ion by adding pentane ( i n  which Porofor 

N i s  in so lub le ) ,  b u t  the p rec ip i t a t ion  i s  too slow fo r  small- 

particle generation. 

e the r  with hexane i s  a l s o  too  slow. 

R e s u l t s  w i t h  comparatively 

Prec ip i ta t ion  of Porofor N from e thy l  

Rapid evaporation of the  methylene ch lor ide  solut ion with 

added pentane y i e lds  r e l a t i v e l y  f i n e  particles which were tried 

i n  potassium s i l i c a t e .  

bulk preparat ion,  b u t  enough material  was obtained t o  ind ica t e  

T h i s  method i s  not  s a t i s f a c t o r y  f o r  
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tha t  t h e  bubble size of the  blown s i l i c a t e  was s t i l l  too large. 

W e  have r ecen t ly  been concentrating on General Electric 's  

p ropr i e t a ry  LTV-602 methyl s i l i cone  po t t ing  compound, which 

f o r m s  clear elastomer f i l m  on curizg.  Various procedures have 

been t r i e d  i n  attempts t o  balance t h e  curing properties with the 

gas-generation p rope r t i e s  of the blowing agents.  I n  t h i s  res- 

pect, var ious curing agents have been evaluated including SRC-04 

and SRC-05 (propr ie ta ry  c a t a l y s t s  f o r  LTV-602) and m e t a l  soaps 

such as ti-i octoate, Thermolite 12, etc. O f  the c a t a l y s t s  

s tud ied ,  t i n  octoate (Nuocure 2 8 )  produces t h e  fastest  cure  i n  

LTV-602 s i l i cone .  

General Electric I s propr ie ta ry  s i l i c o n e  blowing agent ,  

RTV-921, has been obtained and preliminary experiments have 

shown promise. A f o a m  was produced with LTV-602 by using the 

following formula: 

LTV-602 s i l i c o n e  polymer 10.0 g 
RTV-921 blowing agent 2 5  g 
Nuocure 28 ( t i n  octoate) 14 dr .93~  

Foaming occured before t h e  r e s i n  had set s u f f i c i e n t l y ,  and, as 

a r e s u l t ,  t h e  upper half of t h e  sample thickness  contained f o a m  

bubbles and the lower ha l f  was bubble-free. Subsequent experi-  

ments i n  which the  c a t a l y s t  concentration (Nuocure 28) was varied 

showed that  the m i l k y  appearance increased as  t h e  c a t a l y s t  con- 

cen t r a t ion  increased. 

Further experiments have been conducted t o  inves t iga t e  the 

in-phase r e s i n  curing and foam generation. That i s ,  t h e  polymer 
I l T  R E S E A R C H  I N S T I T U T E  
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formation, o r  cure, should be s u f f i c i e n t l y  progressed t o  enable 

r e t en t ion  of t he  generated foam. LTV-602 was catalyzed and 

allowed t o  s tand f o r  various t i m e  periods before  the  RTV-921 

blowing agent was added, me effect =f short periods of t i m e  

a t  200°F before the  addi t ion of t he  blowing agent  was studied.  

These precedures r e su l t ed  i n  specimens which w e r e  foamed through- 

out ,  although the bubbles formed w e r e  not  of a uniform s i z e  and 

w e r e ,  i n  general ,  much too l a rge ,  The f i n e s t  bubble s i z e  w a s  

~btained with a saxple that yel ied  during mixing, Its formula 

i s  given below: 

No. 5: LTV-602 s i l i cone  polymer 12 g 
Nuocure 28 ( t i n  octoate)  6 drops 
RTV-921 blowing agent 2,5 g 

The LTV-602 and Nuocure 28 w e r e  mixed 
and placed i n  a 200°F oven f o r  5 min, 
Gelation started a f t e r  5 min, a t  200OF. 
The RTV-921 blowing agent  was added 
(mixed w i t h  d i f f i c u l t y )  . The system 
ge l l ed  after mixing about 1 minute, 

Another sample of i n t e r e s t  has t h e  following formula: 

10 g No. 1 LTV-602 s i l i cone  polymer 
Nuocure 28 ( t i n  octoate)  5 drops 
RTV-921 blowing agent  2.5 g 

The LTV-602 and Nuocure 28 w e r e  mixed 
and allowed t o  s tand f o r  70 min. before  
adding RTV-921 blowing agent,  The m i x -  
t u r e  was qu i t e  thick and very tacky, 
The blowing agent addi t ion  seemed t o  has- 
ten  the  f i n a l  set, The mixture was placed 
i n  a 200°F, oven, I t  set i n  10 min, w i t h  
s l i g h t  expansion, 

I I T  R E S E A R C H  I N S T I T U T E  
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Sample no. 1 had a f a i r l y  good foam, but  was no t  as  white as 

sample no. 5. The ref lectance of 250-mil t h i c k  specimens of 

nos. 1 and 5 are presented i n  Figure 2. Examination of t h i s  

f i g u r e  i nd ica t e s  t h a t  the  bubbles are too large, and v i sua l  exam- 

i n a t i o n  shows  i n s u f f i c i e n t  concentration and a considerable 

number of very large bubbles which a l l o w  deep penetrat ion of 

t h e  l i g h t .  The inf luence of the  s i l i cone  spectra, w h i c h  i s  

considerably more pronounced than an t i c ipa t ed ,  i s  shown i n  Figure 

2. The complexity of t h e  h i i d s  and indeed severa l  of the  bands 

themselves, have n o t  been observed even as  w e a k  bands i n  t h e  

pigmented systems. 

D. Mechanical Incorporation of Bubbles 

Since s o m e  commercial methods of f o a m  manufacture involve 

t h e  mechanical introduct ion of bubbles, we have evaluated t h i s  

method as a means of producing microporous coatings.  Mechanical 

incorporation of a i r  bubbles i n  potassium s i l i ca t e  vehic les  has 

been t r i e d  w i t h  a standard Waring blender. The v i s c o s i t y  of 

the  s i l icate  so lu t ion  was allowed t o  vary over a wide range 

during evaporation of the water solvent ,  bu t  no usefu l  f o a m s  

w e r e  obtained. Similar experiments with s i l i c o n e s  v e r i f y ,  as  

expected, t h a t  mechanical aera t ion  techniques would have t o  be 

s tudied  extensively before  useful  r e s u l t s  could be obtained., 

Surface-active agents  have not  been used i n  these  s tud ie s  because 

of t h e i r  i n s t a b i l i t y  t o  u l t r a v i o l e t  rad ia t ion .  

I I T  R E S E A R C H  I N S T I T U T E  
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W e  have, however, found t h a t  aqueous potassium s i l i c a t e  

y i e l d s  a surpr i s ing ly  white coating by i tself  i n  t he  form of a 

t h i c k  f i lm when d r i ed  a t  1 8 O O F  f o r  several  hours. Under a 

microscope the whiteness appears t o  be due t o  separated c r y s t a l s ,  

This process appears t o  be a var ia t ion  of the  polymer segregation 

mechanism discussed i n  a previous repor t .  In  potassium s i l i c a t e ,  

the whiteness might be enhanced a t  an intermediate s tage of 

curing by a methanol treatment. W e  are considering t h i s  and 

other  va r i a t ions  , 

E. Other Methods of Incorporatinq Porosity 

The use of emulsion techniques has recent ly  appeared pro- 

A mising as a method of producing porosi ty  i n  LTV-602 f i l m s .  

water emulsion w a s  prepared by using morpholene and o l e i c  ac id ;  

the  f i r s t  sample had approximately 60"k water., The slow addi t ion  

of water makes an ever-increasing paste w i t h  the  s i l i c o n e  r e s i n .  

T h i s  paste i s  very white. After a c e r t a i n  point  i s  reached, 

a t  approximately 35% water, the paste begins t o  t h i n  with t h e  

continued addi t ion of water. I f  the addi t ion of w a t e r  i s  stop- 

ped a t  the  poin t  where the th i ckes t  pas te  i s  obtained, a f i l m  

can be obtained which appears to  have a very f i n e  p a r t i c l e  s i z e  

when viewed under the  microscope, Although the  LTV-602 does 

not  s o l i d i f y  as usua l ,  the  paste does harden on loss of water 

(which occurs s lowly) ,  leaving a r a t h e r  coarse bubble s t r u c t u r e ,  

I l T  R E S E A R C H  I N S T I T U T E  
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F. Summary and Future Plans 

One f a c t  increas ingly  evident i n  the s i l i c o n e  w o r k  i s  t h a t  

wider va r i a t ions  i n  the  chemical and mechanical proper t ies  of 

these  p o l p e r s  wanld greatly f a c i l i t a t e  t h e  ger,eraticn of xicro- 

porous s t ruc tu res .  As pointed out ,  t h e  d i f f i c u l t y  i n  breaking 

t h e  closed-pore s i l i cones ,  the  d i f f i c u l t y  i n  matching the  curing 

and rheological  proper t ies  of the  methyl s i l i c o n e s  w i t h  the  gas 

forming properties of the  blowing agents ,  ard the  lack of mutual 

so lvents  f o r  the r e s i n s  and blowing agents  have a l l  served t o  

hinder  the development of des i rab le  microporous coatings.  

ever ,  because of t he  po ten t i a l  of t h i s  concept f o r  maximizing 

t h e  r e f l e c t i o n  of s o l a r  r ad ia t ion ,  we plan t o  continue t h i s  

i nves t iga t ion  

How- 

The use of other  commercial methyl s i l i c o n e s ,  when ava i l ab le ,  

are contemplated, The use of s i l i c o n e  f l u i d  ( o i l )  d i l u e n t s  i n  

conjunction w i t h  t h e  SRC-05 c a t a l y s t  i n  ord-er t o  prepare better 

LTV-602 foams w i t h  the RTV-921 blowing agent w i l l  be considered. 

Such d i l u e n t s  are used i n  preparation of General E l e c t r i c ' s  

RTV-60 s i l i c o n e  rubber foams, I n  addi t ion ,  three new blowing 

agents  have been obtained f r o m  E ,  I .  du Pont, and they w i l l  be 

evaluated i n  the  near fu tu re ,  Other emulsifying agents  w i l l  

be evaluated i n  conjunction w i t h  t h e  emulsif icat ion of LTV-602 

and o ther  s i l i c o n e  polymers. Our s tud ie s  of techniques t o  

break the closed pores w i l l  be continued i n  an e f f o r t  t o  p e r f e c t  

I l T  R E S E A R C H  I N S T I T U T E  
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a s a t i s f a c t o r y  method of leaching soluble  materials from methyl 

s i l i c o n e  fi lms. 

11. INORGANIC COATINGS 

A. Introduct ion 

The w o r k  during th i s  report period has been concerned with 

and good re s i s t ance  to obtaining systems w i t h  high r e f l ec t ance  

an ultraviolet-vacuum environment. This  has involved a con- 

t inued inves t iga t ion  of h i t h e r t o  unstudied pigments and a lso an 

examination of the e f f e c t s  of temperature on both optical  pro- 

perties and s t a b i l i t y .  

f l ec t ance  and ultraviolet-vacuum s t a b i l i t y  r ea l i zed  by hea t  

treatments are t h e  most s i g n i f i c a n t  aspects of the  recent  work, 

The bene f i c i a l  r e s u l t s  of improved re- 

3. Pigments 

I n  the continuing search for  p o t e n t i a l  pigments, a number 

of mater ia l s  w e r e  gathered and examined o p t i c a l l y  i n  t h e  range 

0.325 t o  2.0~ by u t i l i z i n g  t h e  Cary Spectrophotometer, The 

var ious materials w e r e  calcined t o  determine the e f f e c t  of heat 

treatment on ref lectance.  V a l u e s  a t  representa t ive  wavelengths 

are presented i n  Table 2. 

All materials studied showed enhanced re f lec tance  i n  t h e  

I n  the  v i s ib le  and u l t r a v i o l e t  i n f r a r e d  t o  varying degrees. 

por t ions  of t h e  spectrum, improved r e f l ec t ance  w a s  r e l a t i v e l y  

minor and w a s  no t  r ea l i zed  f o r  a l l  mater ia ls .  Pe ta l i te ,  Kona 

F-4 and Edgar ASP revealed the most s i g n i f i c a n t  increaseso  The 

I l T  R E S E A R C H  I N S T I T U T E  
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approach t o  e n s t a t i t e  through p a r t i a l  l o s s  of water of t a l c  

(900OC is  the  water-loss temperature) colored the  mater ia l  

s ign i f i can t ly .  These experiments ind ica te  a method by which 

o p t i c a l  p roper t ies  of a pigment can be altered, Another method 

by which mater ia l s  can be whitened i s  ac id  washing. Removal 

of colored contaminants i n  zircon has been accomplished i n  t h i s  

manner . 
The higher re f lec tance  and hence, lower so l a r  absorptance, 

r e a l i z e d  through hea t  treatment might be accompanied by other 

des i r ab le  e f f e c t s .  For the extremely f i n e ,  f l u f f y  powders, 

agglomeration and possible  p a r t i c l e  s i z e  increase w i l l  p e r m i t  

t h e  use of less d i l u e n t  i n  p a i n t  fornulation thus yielding i m -  

proved physical p roper t ies .  

has a l s o  shown t h a t  improved res i s tance  t o  ultraviolet-vacuum 

can be obtained by calcinat ion.  Although no s imi la r  bene f i c i a l  

e f f e c t  from hea t  treatment was observed f o r  alumina, z i rconia ,  

and zircon,  t he  poss ib le  v o l a t i l i z a t i o n  of contaminants and 

el iminat ion of defec ts  suggest t h a t  ca lc ina t ion  could be a 

standard procedure fo r  pigments, 

Ea r l i e r  work' w i t h  z inc oxide powders 

C. P a i n t s  

1. Ultraviolet-Ref l ec t inq  Topcoats 

A space-simulation experiment was conducted t o  determine 

the s t a b i l i t y  of a z inc oxide-s i l ica te  system coated w i t h  a t h i n  

l ayer  of silicate-bonded zirconia.  Figure 3 i l l u s t r a & s  the 

I I T  R E S E A R C H  I N S T I T U T E  
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complete experimental sample measuring 1 x 3 i n .  and the 1 X 

1/2 i n .  tes t  specimens (NOL 1 t o  4) which w e r e  c u t  from the  

parent .  Samples 1 and 3 w e r e  heated a t  4OOOC fo r  2 hrs .  

Samples 2 and 4 received no treatment. Previous experiments 

have shown the benef ic ia l  e f f e c t  of heat  on the s t a b i l i t y  of 

z inc oxide-s i l icate  coatings.  D a t a  f o r  t h i s  experiment, con- 

ducted a t  a so l a r  fac tor  of 11,O suns and a pressure of less 

than t o r r ,  a r e  tabulated i n  Table 3 .  

Zr02-silicate 

on ZnO-silicate ZnO-silicate 
AA 

Figure 3 

EXPERIMEKTAL SAMPLE Aha CUT SPECIMENS 

A comparison of o r ig ina l  values,  i.e., before i r r a d i a t i o n ,  

of samples 2 and 4 revea ls  the improvement i n  reflectance of 

the topcoated specimens. Upon hea t  treatment,  t he  re f lec tance  

of z i rconia  (No .  1) decreased, but  t h a t  of z inc oxide ( N o .  3 )  

d i d  not.  The s o l a r  absorptance changes due t o  topcoating are 

concentrated i n  the  al region of the spectrum ( u l t r a v i o l e t  and 
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Table 3 

EFFECT OF ULTRAVIOLET IRRADIATION IN VACUUM ON 
ZIRCONIA-SILICATE TOPCOATED ZINC OXIDE-SILICATE SYSTEM 

TEST V44 

Exposure, 
Sample ESH* 

1 0 
2560 

2 0 
2560 

3 0 
2560 

4 0 
2560 

5-19-6** 0 
2560 

Solar Absorptance 
a A a  al =2 

0.088 0.085 0.172 
0.130 0.081 0.211 0.039 

0.068 0.081 0.149 
0.163 0.087 0.251 0.102 

0.101 0.076 0.176 
0.107 0.070 0.178 0.002 

0.102 0.080 0,182 
0.122 0.073 0,194 0.012 

0.080 0.120 0.200 
0.141 0.110 0.251 0.051 

* 
ESH = equivalent sun-hours 

Silicate-bonded zirconia coating. 
* 
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v i s i b l e ) .  Comparison of a values of the dual systems with 

those of 5-19-6 shows the  superior i n f r a red  re f lec tance  of t he  

former . 
I r r a d i a t i o n  i n  the space chamber resul ted i n  s i g n i f i c a n t  

degradation of the topcoated samples The heat- t reated sample, 

however, was considerably more s t a b l e  than the  a i r -dr ied  sample. 

A curious r e s u l t  was the i n f e r i o r  s t a b i l i t y  of the composite 

(Sample 2) i n  comparison t o  t h a t  of the pure zirconia  coating. 

2. E f f e c t  of Heat on Reflectance 

The bene f i c i a l  e f f e c t  of a hea t  treatment of 500°Cons tab i l i ty  

t o  u l t r a v i o l e t  i r r a d i a t i o n  i n  vacuum has been shown fo r  both 

zinc oxide-' and zirconia-pigmented fi lms. 

absorptance fo r  z inc oxide was lowered and the so la r  absorptance 

However, the so l a r  

f o r  z i rconia  was ra ised.  

Coatings of these two mater ia ls  w e r e  examined by u t i l i z i n g  

the  Cary Spectrophotometer before and after a 5OOOC treatment. 

Spec t ra l  curves appear i n  Figure 4. The zirconia  f i l m  was 

appl ied on a Pyrex substrate, and the zinc oxide coating was 

appl ied on abraded aluminum, Both samples showed s i g n i f i c a n t  

improvement i n  t h e  inf ra red  region; apparently the hea t  treatment 

r e s u l t s  i n  v o l a t i l i z a t i o n  of water and thus elimination of the 

w a t e r  absorption band, which e x i s t s  a t  about 2pe 

I n  t he  v i s i b l e  portion of t he  spectrum, the  re f lec tance  

of z inc  oxide increased and ~e ref lec tance  Of zirconia  decreased 

t 
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-- both t o  a l imited degree. Although not  shown, a zirconia  

coat ing on abraded aluminum suffered a s t ronger  re f lec tance  

loss i n  t he  v i s i b l e  than the  Pyrex-backed sample; the re f lec tance  

increase  i n  the  in f r a red  region did not  appear t o  be substrate-  

dependent. 

Heat-treatment experiments w e r e  a l s o  conducted with diato-  

maceous earth-pigmented s i l i c a t e  coatings.  

spectral curves fo r  t h in  coatings heated t o  t w o  temperatures, 

Elimination of the 2p water band i s  again apparent i n  these 

coat ings.  However, the  high-fired sample revealed a re f lec tance  

loss throughout t h e  wavelength region examined. 

coat ings (Figure 6 ) ,  t h e  5OOOC as w e l l  a s  t h e  15OOC t r ea tmen t  

improved ref lectance.  

Figure 5 contains  

W i t h  th icker  

These experiments suggested that  re f lec tance  losses  r e s u l t -  

i n g  from a 5OOOC f i r i n g  'niere p a r t i a l l y  due t o  the lower reflect- 

ance of the aluminum substrate  when oxidized. A 15OOC treatment 

of a z i r con ia - s i l i ca t e  coating a f fec ted  only the inf ra red  port ion 

of t h e  spectrum; an increase was observed. 

a t  5OOOC resu l ted  i n  a decreased re f lec tance  i n  the  v i s i b l e  and 

addi t iona l  increase i n  the infrared.  A t h i n ,  2 - m i l  z inc oxide- 

s i l icate  f i l m  heat- t reated a t  5OOOC revealed a re f lec tance  drop 

i n  t h e  v i s i b l e  which has n o t  been observed w i t h  th icker  coat ings.  

Further ca lc ina t ion  

The observed improved ref lectance i n  the  inf ra red  f o r  sili- 

cate bonded cotaings with heat treatment i s  no t  an i r r e v e r s i b l e  

I 
8 
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phenomenon. Optical examination of hea t - t rea ted  samples af ter  

periods of t i m e  shows t h a t  t he  in f r a red  curve drops s l i g h t l y  

with t i m e ,  i nd ica t ing  a reintroduct ion of t he  water absorption 

band a t  about 2y. However, t h i s  i s  a r e l a t i v e l y  slow process; 

lapses of 50, 33, and 8 days fo r  5OOOC heated diatomaceous ear th ,  

z inc  oxide, and z i rconia  coatings,  respec t ive ly ,  d id  no t  r e s u l t  

i n  a complete decrease i n  re f lec tance  from the in f r a red  back t o  

the o r ig ina l .  It  i s  possible t h a t  f ac to r s  other  than wzter 

loss cont r ibu te  t o  in f r a red  re f lec tance  increase  upon heat treat- 

ment. 

Improvement i n  re f lec tance  i n  the in f r a red  region r e s u l t s  

no t  only from w a t e r  loss bu t  probably from a change i n  the o p t i c a l  

characteristics of t he  silicate m a t r i x .  Potassium s i l i c a t e  a i r  

dries t o  a c l ea r  f i l m ;  opac i f ica t ion  of the f i l m  occurs a t  t e m -  

pe ra tu re s  > l O O ° C .  

Experiments w e r e  a l s o  conducted t o  determine the  o p t i c a l  

effects of topcoating a silicate-bonded zinc oxide coat ing w i t h  

a vehic le  alone. Curing of such a system a t  15OOC produced a 

s l i g h t  improvement i n  u l t r a v i o l e t  r e f l ec t ance  up t o  about 18% 

and marked de te r io ra t ion  i n  the in f r a red  region beyond 1 . 6 ~ .  

Heating a t  5OOOC raised the  u l t r a v i o l e t  r e f l ec t ance  t o  70 to 80% 

and a l s o  enhanced in f r a red  re f lec tance .  However, the  ove ra l l  

curve from 0.325 t o  2 . 0 ~  was s ign i f i can t ly  lower than t h a t  f o r  

t h e  highly r e f l e c t i n g  z inc  oxide-s i l ica te  subs t r a t e .  

I l T  R E S E A R C H  I N S T I T U T E  
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3 .  Effec t  of H e a t  Treatment on Resistance t o  Ultraviolet-Vacuum 

A series of space-simulation experiments was conducted t o  

examine the  e f f e c t s  of heat treatment on the  s t a b i l i t y  of sili- 

cate-bonded coatings.  

follows: 

The parameters f o r  t he  tests w e r e  as 

v47 V5 1 V5 2 T e s t  N o .  

Exposure (ESH)* 2005 2010 1015 

Solar Factor 10.7 6-5 11.7 

Pressure maintained a t  less than 10 -7 t o r r .  

*equivalent sun hours . 
Samples of silicate-bonded diatomaceous ea r th  and zirconia  

w e r e  subjected t o  u l t r a v i o l e t  i r r a d i a t i o n  i n  vacuum fo r  2000 

ESH i n  T e s t  47. 

coat ings w e r e  examined i n  t h i s  experiment. 

given i n  Table 4. 

Heat-treated samples as w e l l  a s  air-dried 

The r e s u l t s  a r e  

The bene f i c i a l  e f f e c t  of t he  5OOOC treatment on s t a b i l i t y  

i s  obvious f o r  both compositions and i s  stronger f o r  the  z i rconia  

sample. A 15OOC treatment d i d  not  appear t o  change the degrada- 

t i o n  c h a r a c t e r i s t i c s  fo r  diatomaceous earth:  s i m i l a r  observations 

have been made w i t h  both zinc oxide and zirconia  coatings i n  

pas t  work. I n  a l l  cases a bleaching e f f e c t  i n  the in f r a red  

port ion of the  spectrum resu l ted  from space simulation. 

the  diatomaceous e a r t h  samples, t he  crossover,  i . e o ,  the i n t e r -  

sec t ion  of t he  unirradiated and i r r a d i a t e d  re f lec tance  curves, 

For 
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occurred a t  about 1.7p, and for  t h e  z i rconia ,  a t  about 1.41. 

This penomenon did no t  radically manifest i tself  i n  a ga in  i n  

a s i n c e  t h e  bleaching effect, which a f f e c t s  only about 20 and 2' 
30% of the a 

balanced by a degradation i n  the wavelength region 0-7 t o  1 .4  

and 1 . 7 ~ .  

solar energy spectrum f o r  tine t w o  systems, w a s  

T e s t  V51 was conducted t o  determine the effect  of t h e  sub- 

strate material, i f  any, on the  bene f i c i a l  effect of heat treat-  

ment on s t a b i l i t y .  Also included i n  t h i s  experiment w e r e  t w o  

p a i n t s  incorporat ing Li thafrax ( l i th ium aluminum sil icate) . 
Sample WL-5 was prepared over a year ago, whereas N o .  1-20-79 

was of very r ecen t  vintage. The r e s u l t s  are tabulated i n  Table 5. 

The similar behavior of z i rconia  coat ings applied on alumi- 

num and on Pyrex showed t h a t  the subs t r a t e  material does n o t  

p lay  a role on t h e  resistance of heated coat ings t o  u l t r a v i o l e t -  

vacuum. The r a t h e r  high i n i t i a l  solar absorptance values for  

t h e  Li thaf rax  coat ings w e r e  somewhat surprising: Lockheed has  

been able t o  obtain an (r f o r  t h i s  composition as l o w  as  0.13. 3 

E i the r  app l i ca t ion  techniques or t h e  use of a m o r e  r e f l e c t i v e  

l i th ium aluminum sil icate obtained by processing i s  responsible  

3R. L. Olson, L. A. McKellar, and J. V. Steward, "The E f f e c t s  
of Ul t rav io le t  Radiation on Low a s/c  Surfaces",  Prepr in ts ,  
Symposium on T h e r m a l  Radiation of Solids,  Session I V ,  San Fran- 
cisco, Cal i forn ia ,  March 5,  1964. 
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f o r  t h e i r  lower values. 

sample, N o .  1-20-79, suggests possible  contamination or  aging 

of t h e  one-year-old sample. 

The superior s t a b i l i t y  f o r  the f resher  

T e s t  V52 involved a s e r i e s  of calcined zirconia  coatings 

f o r  determining t h e  temperature required f o r  improved s t a b i l i t y .  

Solar absorptance measurements w e r e  made before and a f t e r  cal- 

c ina t ion  as w e l l  as a f t e r  space simulation; t he  results are 

presented i n  Table 6. There i s  a strong p o s s i b i l i t y  that  the  

ind ica ted  temperature i s  50 t o  100°C high. 

probe ana lys i s  showed a f a i r l y  w i d e  temperature gradient  i n  the  

furnace. 

A thermcouple 

A lowering of i n i t i a l  a was r ea l i zed  a t  lower hea t  t r e a t -  

ments, and an increase resu l ted  a t  the higher temperatures, 

Heat-treatment e f f e c t s  on s t a b i l i t y  exhibi ted a curious peak a t  

the  lower temperatures; m i l d  heating produced a more degradable 

coating. Improvement i n  ultraviolet-vacuum res i s t ance  became 

apparent a t  400 and 5OOOC. Also included i n  t h i s  experiment 

was a pigment sample of zirconia.  Much s t ronger  degradation 

occurred fo r  t h i s  pigment than f o r  t he  silicate-bonded p a i n t s ,  

ind ica t ing  a pro tec t ive  e f f e c t  f o r  the  vehicle.  

Pa in ts  incorporating calcined potassium metaphosphate w e r e  

This pigment has a r e f r a c t i v e  index a l s o  exposed i n  T e s t  V52. 

f a i r l y  c lose  t o  t h a t  of the  s i l i c a t e  binder; thicknesses g rea t e r  

than 10 mils w e r e  required f o r  good opacity. 

metaphosphate i s  highly r e f l e c t i v e ,  incorporation of t h i s  mater ia l  

Although potassium 
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S a m p l e  

1-9-9 

1-9-10 

1-9-11 

1-9-14 

1-9-1 5 

H-15-28 

H-15-29 

P i g m e n t s  : 
#4 3 

#4 5 

Table 6 

E F F E C T  OF ULTRAVIOLET I R R A D I A T I O N  I N  VACUUM 

TEST V52 
ON PIGMENTS AND SILICATE-BONDED COATINGS 

Piqment 

Z i r c o n i a  

Comments 

A i r  -dried 

Z i r c o n i a  

Z i rconia  

Z i r c o n i a  

Z i r c o n i a  

Potassium 
M e  t a  phos pha te  

Potass iurn 
Metaphosphate 

Z i r c o n i a  

Z i n c  T i t a n a t e  

A i r - d r i e d ,  
2 00 O C/2 h r  

A i r - d r i e d ,  
300 @C/2 h r  

A i r - d r i e d  
4OO0C/2 h r  

A i r - d r i e d ,  
5OO0C/2 h r  

A i r - d r i e d ,  
3 00 O C/2 hr  

A i r - d r i e d  

7 00 OC/4 hr  

Solar A b s o r p t a n c e  
na Exposure  , 

ESH U ul u2 ---- 
0 

1016 

0 
0 

1016 

0 
0 

1016 

0 
0 

1016 

0 
0 

1016 

0 
0 

1016 

0 
1016 

0 
1016 

0 
1016 

0.066 0.109 0.175 
0.162 0.103 0.265 0.090 

0.067 0.108 0.175 
0.068 0.1.03 0.171 
0.177 0.114 0.291 0.120 

0.067 0.107 0.174 
0.064 0.102 0.166 
0.174 0.112 0.286 0.120 

0.066 0.110 0.176 
0.075 0.108 0.183 
0.168 0.113 0.280 0.097 

0.068 0.110 0.177 
0.075 0.106 0.182 
0.140 0.109 0.249 0.067 

0.062 0.112 0.174 
0.080 0.128 0.208 
0.144 0.139 0.283 0.075 

0.058 0.110 0.168 
0.159 0.116 0.275 O.i.07 

0.041 0.056 0.097 
0.181 0.072 0.253 0.156 

0.062 0.056 0.118 
0.091 0.060 0.150 0.032 
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i n t o  a silicate-bonded coa t ing  yielded r e l a t i v e l y  high L ' S .  

Calcination a t  3OOOC produced a s i g n i f i c a n t  l o s s  i n  re f lec tance .  

Some improvementh s t a b i l i t y  was r ea l i zed  by the hea t  treatment. 

Promising s t a b i l i t y  was exhibited by the  zinc t i t a n a t e ,  a n  

experimental mater ia l  furnished by the  New Jersey  Zinc  Research 

Laboratories. Its so la r  absorptance i s  a l s o  lower than t h a t  of 

z inc oxide (about 0.13). Pa in ts  incorporating t h i s  mater ia l  

have been prepared and w i l l  be examined o p t i c a l l y  and subjected 

t o  space simulation. 

excess T i 0 2  o r  ZnO are also on hand and w i l l  be studied. 

Other samples of zinc t i t a n a t e  containing 

I V .  "HYL SILICONE COATINGS 

A. E f f e c t  of Grind Time on Reflectance and S t a b i l i t y  

Recent  2000-ESH exposures of S-13 (SP 500 zinc oxide-pig- 

mented LTV-602) specimens which w e r e  milled i n  a 5-gal. porelain 

ball m i l l  r esu l ted  i n  so l a r  absorptance i n c r e a s e s , h a ' s ,  of from 

0.06 t o  0.08. 

observed previously f o r  laboratory-size preparat ions (% p in t )  ., 
This anomaly prompted inves t iga t ions  which are surmarized i n  

Table 7. Examination of the  data i n  Table 7 shows t h a t  the  

&, or  u l t r a v i o l e t  s t a b i l i t y ,  is a function of t he  length of 

gr ind of the z inc  oxide p a i n t s .  T h j s  appears t o  be t r u e  both 

f o r  s m a l l  capaci ty  m i l l s  a s  w e l l  as f o r  the l a rge  5 ga l .  m i l l ,  

A graphical  presentat ion of the data  i s  shown i n  Figure 7 ,  W h i c h  

i n d i c a t e s  t h a t  s t a b i l i t y  i s  achieved a f t e r  r a t h e r  shor t  g r ind  

These v a l u e s m e  considerably higher than had been 

I I T  R E S E A R C H  I N S T I T U T E  
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Table 7 

EFFECT OF SPACE SIMULATION ON S-13 PAINT 
GROUND FOR DIFFERENT LENGTHS OF TIME 

Mill 
Capacity 

1 qt* 

1 qt 

1 qt 

1 qt 

5 gal** 

5 gal 

5 gal 

5 gal 

Grind 
Time, 
hr 

0 

1 

3 

3 0  

1 

2 

3 

5 

Exposure, 
ESH 

0 
2560 

0 
2560 

0 
2560 

0 
2560 

0 
2000 

0 
2000 

0 
2 000 

0 
2000 

Solar Absorptance 
a f l T  a1 a2 

0.096 0,097 0.193 
O o l l S  0.109 0.222 0.029 

0.098 0.099 0.197 
0.108 0.117 0.225 0.028 

0.098 0.098 0.196 
0.109 0.109 0,217 0.021 

0.118 0.107 0.225 
0.199 0.115 0.314 0.089 

0.101 0.119 0.220 
0.120 0.141 0.261 0.041 

0.116 0.142 0,258 
0.124 0.151 0.275 0.017 

0.105 0.126 0.231 
0.118 0.144 0.262 0.031 

0.095 0.104 0,199 
0.123 0,135 0,258 0.059 

* 
1/2-in, diameter x 3/4 in. cylinders. 

3/4-in.-diameter balls. 
** 
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Figure 7 

EFFECT OF LENGTH OF GRIND ON W - S T A B I L I T Y  OF 
S-13 (2000-ESH EXPOSURE) 
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t i m e s  of only 2 t o  3 h r s , ,  regardless  of the s i z e  m i l l  used, 

The shape of t he  curves presented i n  Figure 7 i s  explained 

a s  follows: t he  i n i t i a l  increase i n  s t a b i l i t y  (decrease i n  e f f e c t  on 

s o l a r  absorptance) i s  a t t r i b u t e d  t o  an increased degree of d i s -  

persion of the pigment. That is ,  the i n i t i a l l y  high Aa i s  

probably due t o  photolysis  of i s l ands  of polymer which a r e  un- 

protected by the screening e f f e c t s  of z inc  oxide., The m i n i m a  

i s  thought t o  occur when t h e  benef ic ia l  nature  of improved dis-  

persion no longer counterbalances the  degrading infllience of the 

length of grind. The latter is thought t o  be due either t o  

s i l i c a  contamination as a r e s u l t  of the  shearing forces  which 

occur during the  pigment grind (which become s i g n i f i c a n t  a t  

longer gr inds)  o r  a t  the  high shear rates which might be en- 

countered i n  t he  l a rge  mills with heavy ball charges, 

Other time-dependent f ac to r s  have not  been discounted, how- 

ever,  Chief among these i s  t h e  known shearing e f f e c t  of l a t -  

t ice d i s t o r t i o n  which occurs i n  z inc  oxidesd This r e s u l t s  i n  

a s h i f t  i n  the  observed ref lectance m i n i m u m  (edge) t o  longer 

wavelengths w i t h  an accompanying yellowness, This i s  i n  t u r n  

manifested i n  the increased a1 which i s  observed i n  the 30 h r .  

gr ind speciinen. I t  should be noted t h a t  t h e  5 hr .  gr ind 

specimen was prepared a t  a considerably g rea t e r  thickness than 

the  other  specimens prepared i n  the  5-gal. m i l l .  Thus, the 

t rend cannot be in fe r r ed  from t h a t  set of da ta ,  The specimens 
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prepared i n  t h e  1-quart m i l l ,  however, w e r e  a l l  prepared a t  

5-mil f i l m  thicknesses.  The fact  t h a t  t h e  i n i t i a l  solar ab- 

sorptance (before exposure) i s  l o w e s t  (Le. ,  h ighes t  s o l a r .  

re f lec tance)  i s  a t t r i b u t e d  t o  the optical effect  of the l a t t i ce  

d i s t o r t i o n ,  Therefore, a simple experiment w i l l  be performed 

t o  test whether t he  observed decrease i n  s t a b i l i t y  (higher .la) 

w i t h  length of gr ind i s  due t o  s i l i c a  contamination or t o  an 

inherent  decrease i n  the s t a b i l i t y  of z inc  oxide as  a r e s u l t  of 

l a t t i ce  d i s t o r t i o n .  k quant i ty  of z inc oxide w i l l  be d i s t o r t e d  

by either grinding i n  an agate  m o r t a r  and pestle or compacting 

a t  high pressures  and w i l l  then be milled i n  the  S-13 formulation 

for 2 t o  3 hrs .  A large increase i n  s o l a r  absorptance on u l t r a -  

v i o l e t  i r r a d i a t i o n  i n  vacuum w i l l  i nd ica t e  t ha t  the primary cause 

of i n s t a b i l i t y  i s  l a t t i ce  d i s t o r t i o n  rather than s i l ica  con- 

tamination. If t h i s  e x p e r i m e n t  i s  inconclusive,  chemical analy- 

sis w i l l  be u t i l i z e d  t o  determine the presence, i f  any, of s i l i ca  

o r  o ther  contamination. 

B. E f f e c t  of Calcination of Zinc Oxide 

The effect of ca lc ina t ion  of SP 500 z inc  oxide on the re- 

f l ec t ance  of t he  basic s-13 pain t  (LTV-602) i s  presented i n  

Figure 8. The pigment w a s  calcined f o r  16 h r s ,  a t  64OOC and then 

incorporated i n t o  the S-13 formulation. The s o l a r  absorptance 

of the basic S-13 formulation is  O o 2 2  and t h a t  of the p a i n t  

formulated f r o m  t he  calcined pigment was 0018, These data 

l l T  R E S E A R C H  I N S T I T U T E  
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confirm the  value of pigment calcinat ion for  organic p a i n t s ,  

which had been observed i n  ra ther  extensive s tud ie s  on the  in-  

organic potassium s i l i c a t e  system. 

C. E f fec t  of P a r t i c l e  Size 

Solar absorptance values have been determined on a series 

of p a i n t s  which w e r e  prepared from spec i f i c  m i x t u r e s  of SP 500 

a n d m  254 zinc oxide pigments, The mean p a r t i c l e  s i z e  f o r  

SP 500 i s  reported by the manufacturer t o  be 0 - 3 p  diameter 

and t h a t  f o r  the XX 254 i s  1 . 5 ~  diameter. The p e r t i n e n t  data  a r e  

given i n  Table 8. The pa in ts  w e r e  prepared a t  100, 80, 50, 20 

and PA SP 500 pigment. Except f o r  the  0% SP 500 (100% XX 254), 

the f i l m s  w e r e  c a s t  with a Gardner kn i fe  a t  1 0 - m i l  w e t - f i l m  

thickness,  

given i n  Table 8,  and t h e i r  ref lectances are shown i n  Figure 9. 

The dry-film thickness of t h e  f i v e  specimens are 

Examination of the da ta  shows t h e  e f f e c t  of mixing two 

zinc oxides of d i f f e r e n t  pa r t i c l e - s i ze  d i s t r i b u t i o n s ,  Although 

p a i n t  5 i s  considerable thicker than the other p a i n t s ,  the  effect 

of t h e  mixing i s  most apparent i n  al .  

5 a l s o  tends t o  mask the  t r e n d  noted i n  so l a r  absorptance. 

The e f f e c t  of t he  l a rge r  pigment tends t o  be much more not iceable  

i n  t h e  v i s i b l e  portion of the spectrum (which i s  manifested i n  

a l ) .  

prepared e n t i r e l y  from the larger m254 pigment, possesses a 

more s h r p l y  defined near-infrared spectra  compared t o  the other  

The thickness of p a i n t  

Examination of the curves i n  Figure 9 shows t h a t  p a i n t  5, 

I I T  R E S E A R C H  I N S T I T U T E  
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Table 8 

SOLAR ABSORPTANCE AS A FUNCTION OF 
PIGMENT PARTICLE SIZE 

- 

Solar Absorptance P a i n t  Percent Percent Thickness, 
a NO SP 500 XX 254 m i  1 al  a 2  

1 100 0 5.3 0.10 0.11 0.21 

2 80 20 6.5 0.11 0.11 0.22 

3 50 50 6.8 0.12 0.11 0-23 

4 20 80 6.8 0.13 0.11 0-24 

5 0 100 13.0 0.13 0.11 0.24 
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specimens and i n  t h i s  respect i s  analogous t o  the  spectra 

observed for  t h e  microbubble coatings. This and the  f a c t  

that  t h e  l a rge r  pigment causes an in t ens i f i ca t ion  of t he  

vsh ic l e s  absorption spectra  cannot be explained a t  t h i s  t i m e .  

W e  plan t o  do considerably more work of t h i s  nature: we  

hope t o  be able t o  perform more accurate  pa r t i c l e - s i ze  analyses  

during the next  r epor t  period. One of the most d i f f i c u l t  pro- 

b l e m s  and one which has impaired the complete charac te r iza t ion  

of our pa in t  f i l m s  has been the i n a b i l i t y  t o  accura te ly  measure 

both t h e  mean particle size and the  s i z e  d i s t r i b u t i o n  of z inc  

oxide pigments. W e  presented s i ze  analyses  of various grades 

of z inc  oxide i n  t h e  l as t  Triannual Report:' these  analyses  are 

admittedly i n  e r r o r  w i t h  values of mediandiameter of ten  d i f f e r i n g  

from those of t h e  manufacturer's by an  order of magnitude. T h i s  

i s  a t t r i b u t e d  t o  the  d i f fe rence  i n  measurement technique: pig- 

ment manufactureres use both the u l t r av io l e t - l i gh t  microscope and 

gas  absorpt ion techniques t o  obtain average particle size. W e  

r equ i r e  a d i s t r i b u t i o n  ana lys i s  f o r  the purpose of weighting t h e  

size effects. 
4 

W e  have r ecen t ly  constructed a Kaye D i s c  Centrifuge 

which i s  expected t o  g rea t ly  f a c i l i t a t e  the  pa r t i c l e - s i ze  ana lys i s  

of our z inc  oxide powders. In t h i s  technique, developed by 
~~~~~-~~~~~ 

4B. H. Kaye, B r i t i s h  Patent  N o .  895,222 (19621, 
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T 

D r .  B. H. K a y e "  who recent ly  joined I I T  Research I n s t i t u t e ,  

particles are centr i fuged i n  a c y l i n d r i c a l  t ransparent  ,tank i n  

w h i c h  t he re  i s  an en t ry  port. 

f i l l e d  w i t h  a clear l i qu id ,  a n d  when s teady-state  conditions 

are a t t a i n e d ,  t h e  powder t o  be examined i s  i n j e c t e d  as a low-  

concentration suspension through t h e  e n t r y  port. A l ayer  of 

suspension i s  formed on top  of the free surface of t he  f l u i d  i n  

t h e  tank. The particles t r a v e l  outwards, and the concentration 

of each s i z e  i s  measmed by xeans of a l i g h t  b e a m  p s s i n g  through 

the tank a t  a given d is tance  f r o m  t h e  center  of ro t a t ion ,  The 

system is  e s s e n t i a l l y  a photosedimentometer. 

The cent r i fuge  i s  p a r t i a l l y  

D. Deqradation of Polysiloxanes 

Organic materials undergo chemical changes when subjected 

t o  r ad ia t ion  processes. 

gamma-ray, or e lec t ron  radiat ion.  The r e s u l t i n g  chemical and 

physical  changes which occur as a consequence of r ad ia t ion  depend 

on t h e  c o d i t i o n s  of t h e  environment surrounding the  system i n  

quest ion,  i.e., t h e  presence or absence of oxygen, pressure,  

temperature, etc. I n  polymeric systems, the degradative changes 

genera l ly  w i l l  be accompanied by cross-linking (chain sc i s s ion  

and recombination), chain sc i ss ion  alone,  and c e r t a i n  oxidative 

changes. These r e s u l t  from t h e  reac t ion  of f r e e  r a d i c a l s  formed 

i n  t h e  polymer by t h e  rad ia t ion  processes. 

M. J. Groves, B. H. Kaye, and B. Scarlett ,  "The Size  Analysis 5 

of Sub-Sieve Powders Using a Centr i fugal  Photosedimentometer," 
accepted for  publ icat ion B r i t i s h  Chem. Eng. 
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However, the react ion products can vary, a s  previously noted, 

depending on the  immediate environmental conditions.  

For example, f r e e  r ad ica l s ,  trapped i n  the polymer, cause 

color  formation. 6-8 B u t  i r ?  the p r e s e x e  of oxygen, M i l l e r  9 , 
demonstrated with e l ec t ion  spin resonance (ESR) t h a t  i r r a d i a t e d  

polyvinyl chlor ide which has been exposed t o  a i r  loses  r a d i c a l s  

a t  a much g rea t e r  r a t e  than when re ta ined  i n  vacuo. This l o s s  

of free rad ica l s  has been correlated with a loss  of color forma- 

t i o n  which has been i i t tr ibil ted t o  the  formation of a proxy 

1 2  r a d i c a l  by several  invest igators .  lo-'' Yegorova and coworkers 

have shown t h a t  the  free-radical  formation i s  temperature de- 

pendent, and St .  Pierre and Dewhurst l3 have demonstrated the  

6C. A. W a l l  and R.  E.  F lor in ,  J. Appl. Polymer Sci., 2, 251 (1959). 

7S. Ohnishi et. a., i b id .  6, 629 (1952). 

8A. L. Alexander, - et .  a. WADD TR 60-703, P a r t  I. Nov. 1960; P a r t  I1 

'A. A. Miller, J. Phys. Chemistry 63, 1755 (1959). 

Dee. 1960. 

''A. Chapiro, J. Chim. Phys., 53,  895 (1956) . 
"B. R. Loy, J. Phys. Chem., 65, 58 (1961). 

13L. E. S t ,  P i e r r e ,  and H. A.  Dewhurst, J. Chem, Phys. 29, 241, 
(1958). 
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t o t a l  i nh ib i t i on  of carbon-carbon cross- l inks by the  introduct ion 

of s u f f i c i e n t  oxygen. 

termination of f r e e  r a d i c a l s  by the  formation of a carboxylic 

a c i d  and two types of peroxides during t h e  r ad io lys i s  of hexa- 

methyldisiloxane. The loss of color15 i n  the presence of oxygen 

and the formation of oxidized end groups16 have a l s o  been demon- 

s t r a t e d  i n  the r ad ia t ion  of polyamides. 

The l a t t e r 1 4  a l s o  demonstrated the oxygen 

I n  the absence of oxygen, t he  generated f r e e  r a d i c a l s  a r e  

not  destroyed. Thus, t he  r e s u l t a n t  reac t ions  are mainly dispro- 

port ionat ion,  which gives  r i s e  t o  chain sc i s s ions  and migration, 

giving rise t o  cross-links.  17,18 I n  addi t ion ,  i f  the  free rad i -  

cals are long-lived, color formation w i l l  be observed, a s  noted 

previously. Lawton and coworkers have stated t h a t  the trapping 

of free rad ica l s  i n  polymer systems occurs 1) within the  c rys t a l -  

l i t es  of the polymers, 2) i n  t h e  amorphous phase below the g l a s s  

t r a n s i t i o n  temperature, and 3) i n  the heavi ly  cross-linked 

polymers where r a d i c a l  recombination i s  less possible due t o  

sh ie ld ing  of or  attachment t o  the network. More recent ly ,  

19 

14L. E. St .  Pierre and H. A. Dewhurst, J. Phys, Chem., 64 ,  1060 
(1960). 

15J. Zimmerman, J. Appl. Polymer Sci. ,  2, 181 (1959) 

16R. F. Moore, Polymer, 4, 493 (1963) 

17J. Zimmerman, J. Polymer Sci . ,  46, 151 (1960) . 
18c. T. Graves and M. G. O r m e r o d ,  Polymer, 4, 81 (1963). 

"13. J. Lawton e t  a 1  J. Poly. Sc i . ,  32, 257 (1958) - - 7  
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20 O r m e r d  has  sham t h a t  hydrogen has a marked effect  on radi- 

cal 

can t rave l  i n t r a -  and inter-molecularly. 

decay rates i n  i r r a d i a t e d  polyethylene, s ince  f r e e  radicals 

only r ecen t ly  has a t t en t ion  been turned t o  r ad ia t ion  damage 

M i l l e r 2 1  examined the  e lec t ron  i r r a d i a t i o n  of i n  polysiloxanes. 

a l i n e a r  polydimethylsiloxane o i l  i n  the absence of oxygen and 

found tha t  both .-:.“i+CK3 and z S i C H  +H s c i s s ions  occurred with t h e  

evolut ion of H 2 ,  CH and C2H6 a s  t h e  gaseous products and t h e  

formation of cross-links.  H e  also observed some anomalies i n  

t h e  overall r ad ia t ion  chemical e f f e c t s  i n  t h e  t r a n s i t i o n  f r o m  

t h e  f l u i d  t o  the  sol id  state. 

decrease i n  cross-linking i n  t h e  presence of oxygen as a funct ion 

of i t s  pressure and concluded t h a t  these  r e s i d u a l  cross-l inks 

w e r e  n o t  peroxide bonds. 

agents  (e.g., mercaptans) retarded cross-linking and t h a t  

s c i s s i o n  of t h e  s i loxane backbone w a s  neg l ig ib l e  i n  comparison 

w i t h  t h e  cross-linking reaction. 

21 

4 

Subsequently, M i l l e r 2 2  noted the  

H e  also found t h a t  hydrogen t r a n s f e r  

M o r e  r ecent ly ,  Ormerod and CharlesbyZ3 examined the  effect 

of i r r a d i a t i o n  on l i n e a r  dimethylsiloxane i n  t h e  absence of 

oxygen. They also found a temperature-linked anomaly i n  t h e  

M. G. O r m e r o d ,  Polymer, 4, 451 (1963). 20 

21A. A. M i l l e r ,  J. Am. Chem. S O C . ,  82, 3519 (1960) . 
LL A. A. M i l l e r ,  i b i d ,  83,  31 (1961). 

M. G. O r m e r o d  and A. Charlesby, Polymer, 4, 459 (1963). 23 
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cross-linking r eac t ion  and concluded t h a t  the  radiat ian chemistry 

d i f f e r e d  between the  s o l i d  and l i q u i d  states. They believe t h a t  an 

i o n i c  cross-linking mechanism might be possible a t  low temperatures, 

although a free-radical mechanism appears t o  predomir-ate a t  room 

temperature w h e r e  r a d i c a l s  are d i f f i c u l t  t o  detect because of 

rapid react ions.  

dependent mechanisms, they reported t h a t  stable free r a d i c a l s  

could be produced i n  a vinyl-containing polysiloxane a t  r o o m  

temperature, bu t  no t  a t  l o w  temperature. 

As fu r the r  confirmation of t h e  two temperature- 

I n  t h i s  respect, the  polydimethylsiloxane polymer system 

should be inherent ly  s t a b l e  t o  u l t r a v i o l e t  r ad ia t ion  i n  the 

2000- t o  4000-A wavelength region. This i s  a t t r i b u t e d  t o  the 

fact  t h a t  t h e  silicone-oxygen backbone does no t  absorb r ad ia t ion  

of wavelengths longer than about 3900 A, and t h e  methyl side 

groups (on the  s i l i c o n e  atoms) do no t  abosrb appreciably a t  wave- 

lengths  greater than about 1400 A. 

t he  purely methyl s i l i c o n e  polymers are n o t  even more stable t o  

u l t r a v i o l e t  r ad ia t ion  i n  vacuum, e spec ia l ly  s ince  our l a b o r a t o r y ' s  

simulated s o l a r  environment contains  no u l t r a v i o l e t  of wave- 

l e n t h s  sho r t e r  than about 2100 A. 

us t o  examine the inf luence of r e s i d u a l  aromatic contamination 

i n  our methyl s i l i c o n e  polymers, This contamination could re- 

s u l t  f r o m  occluded, aromatic solvents  (we use tolune and xylene 

as  s i l i c o n e  solvents)  as w e l l  a s  the c a t a l y s t s  used t o  cure  the 

r e s i n s .  

One wonders therefore  why 

This considerat ion prompted 

W e  accordingly prepared t h e  basic S-13 formulation both a t  

reduced c a t a l y s t  levels and e n t i r e 1  with a l i p h a t i c  solvents .  
i i T  R E S E A R C H  & s T ~ T U T E  
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The r e s u l t s  of s-pace simulation on t h e  modified s-pecimens i s  

shown i n  Table 9. 

concentration by one-half appeared t o  increase  t h e  s t a b i l i t y ,  

I n  addi t ion ,  t he  use of bu ty l  alcohol as t h e  so lvent  f o r  S-13 

r e s u l t e d  i n  one of t h e  smallest C c ' r  ever observed f o r  a 2000- 

ESH test. 

I t  w i l l  be noted t h a t  decreasing t h e  c a t a l y s t  

Table 9 

EFFECT OF CONTAMINATION ON THE STABILITY 
OF THE S-13 ZINC OXIDE-LTV 602 THERMAL-CONTROL PAINT 

Catalyst 
Concentration 

drops/35 q Solvent 
Exposure Solar Absorptance 

ESH Sc lar  Factor a 

- 0.230 - 2 Toluene 0 
2000 10.7 0.262 0.032 

- 0.188 - 1 Toluene 0 
2000 10.0 0.205 0.017 

Carbon 
t e t r ach lo r ide  0 - 

1 
- 0.208 

2000 10.0 0.219 0,011 

Butyl 0 - 0.194 - 1 
alcohol  2000 10.0 0.197 0.003 

These experiments ind ica te  the  importance of polymer p u r i t y  

i n  achieving s tab i l i ty  t o  u l t r a v i o l e t  r ad ia t ion  i n  vacuum. 

Although we  are unable a t  this  t i m e  t o  def ine  the mechanisms 

assoc ia ted  with these observations,  D r .  S .  Siege124 has suggested 

24Dr. S .  Siege l ,  Aerospace Corporation, P r iva t e  communication. 
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t h a t  the  presecce of occluded areriatic solvent  imlzc-~les might 

behave a s  energy sinks which subsequently t r ans fe r  t h e i r  energy 

t o  t h e  polymer molecule. H e  commented fu r the r  t h a t  the com- 

mercial  s i l i c o n e  material  which we use (LTV-602) could contain 

t r a c e s  of aromatic contaminants remaining from the  polymeri- 

za t ion  process. 

Thus, it would appear t h a t  t he  rad ia t ion  chemistry of the  

polysiloxanes -- espec ia l ly  under u l t r a v i o l e t  rad ia t ion  i n  

vacuum -- needs fu r the r  e lucidat ion.  W e  therefore  have i n i t i a t e d  

a survey of the l i t e r a t u r e  per ta ining t o  t h e  r ad ia t ion  chemistry 

and photolysis  of polydimethylsi loxanes (and methyl-phenyl 

silicones a s  w e l l )  and the photolysis i n  vacuum of polymers i n  

general .  A research program being planned w i l l  attempt t o  e luc i -  

da te  the  mechanisms associated w i t h  the degradation of polydi- 

methylsiloxanes by u l t r a v i o l e t  i r r a d i a t i o n  i n  vacuum. Auxiliary 

equipment i s  being designed and constructed f o r  the i r r a d i a t i o n  

of polydimethylsiloxane f i l m s  both a t  l i q u i d  

room temperature w i t h  provisions f o r  ESR determination and the  

determination of outgassed products by mass spectrometry. The 

poss ib le  contr ibut ion of a t tenuated t o t a l  re f lec tance  (ATR) as 

a means of determining the changes i n  polymer s t ruc tu re  w i l l  be 

inves t iga ted  . 

nitrogen and 
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